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Climate Variability, Hydrology, and Flooding  

Overview of NASA Hydrological Data 
Soil Moisture, Vegetation Index 
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Objective 

To provide an overview of NASA remote sensing-
based soil moisture, evapotranspiration, and 
vegetation index data information and access 
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Outline 

▪  Soil Moisture from NASA Satellites and Models  
 
▪  Soil Moisture Data and Access 
 
       Overview of Soil Moisture Active-Passive  
 
▪  Evapotranspiration (ET), Vegetation Index Data and 

Access  
 

  Overview of ET data 
        

 Presentation of Aqua/Terra Moderate Resolution Imaging 
 Spectroradiometer (MODIS)Vegetation Index 
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Soil Moisture from NASA Satellites and 
Models               

 



Satellite	   Sensors	   Quan..es	  

Aqua 
 

 
Advanced Microwave Scanning 
Radiometer for EOS (AMSR-E) 

 
     (May 2002 to October 2011) 

(Level-3  data at 25 km Equal area 
grids) 

 
Snow Water Equivalent, 
Sea Ice, Soil Moisture, 

Rain Rate 
(not Available currently but 
can be used examine past 
variability and change in 

soil moisture) 

TRMM 
(Tropical Rainfall 

Measuring 
Mission) 

 TRMM microwave Imager (TMI) 
 

(November 1997 to present – but 
will end soon) 

 
(Level-3 gridded data available at 

0.25x0.25 degree)  

Rainfall,  Vertical Rain 
Profile, Soil Moisture  

SMAP 
(Soil Moisture 

Active Passive) 

Equal-area ridded data at 3 km and 
9 km resolutions 

 
Launched in January 2015 

Data will be available in late 2015 

Soil Moisture, Freeze-Thaw  
State 

NASA’s Satellites for Soil Moisture 
  



Models	   Quan..es	  

GLDAS Evapotraspiration, Multi-layer 
Soil Moisture, Rainfall, Snowfall 
Rate, Snow Melt, Snow-Water 
Equivalent, Surface and  
Sub-surface Runoff 

  

NASA Models for Soil Moisture 



 TMI Soil Moisture Access from Giovanni-3 
http://gdata1.sci.gsfc.nasa.gov/daac-bin/G3/gui.cgi?

instance_id=soilmoisture_daily 
 

Product limited to 38° S to 38° N  

Day and Night Time Soil Moisture Derived from  
TMI and Land Parameter Retrieval Model 

Note: 
Giovanni-3 
may not be 
available after 
August 2015 
 
TRMM will no 
longer be 
functional after 
a few months  



GLDAS from Giovanni-3  
(Will Be available from Giovanni-4 after August 2015) 
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http://disc.sci.gsfc.nasa.gov/giovanni 
i 

GLDAS Data Available from the Giovanni-3 Hydrology Portal  

Multi-layer Soil Moisture 
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Overview of SMAP 



SMAP Mission  
http://smap.jpl.nasa.gov/mission 
 

•  SMAP is designed to 
measure the amount of 
water in the top 5 cm (2 
inches) of soil everywhere 
on Earth’s surface 

 
•  SMAP will also determine 

if the ground is frozen or 
thawed in colder areas of 
the world 

 
•  SMAP will produce global 

maps of soil moisture 

SMAP was launched on 
 31 January 2015  



SMAP Mission  
http://smap.jpl.nasa.gov/observatory/specifications/ 
 

•  SMAP is in a near-polar orbit: 
 

    Altitude            
685 km 
     Repeat Ground Track   8 Days 
     Measurements:             6 am/pm 
 
 
•  SMAP mission life is expected 

to be ~3 years  
 

•  SMAP coverage: 
     Global land area at three-day  
      average intervals,  
      Land region above 45N at two-   
      day average intervals 
 

20-foot (6-meter) reflector antenna on 
NASA's new Soil Moisture Active 
Passive (SMAP) observatory to begin 
spinning for the first time. 



SMAP Sensors 
http://smap.jpl.nasa.gov/observatory/specifications/ 
 

Sensor Frequency 
(L-Band) 

Spatial Resolution 

Radar 
(Synthetic Aperture)   

1.26 Ghz  10 km Soil Moisture  
 1-3 km Freeze-Thaw 

Radiometer 1.41 Ghz 40 km ( IFOV 38 km x         
                       49 km) 

SMAP carries two sensors 



SMAP Data 
Products http://smap.jpl.nasa.gov/data/ 
 

▪  More accurate soil moisture 
data from the radiometer with 
lower resolution (36 km) are 
combined with higher 
resolution (3 km) but less 
accurate moisture data from 
the radar 

 
▪  The combined data provide 

accurate soil moisture (units 
m3/m3) maps with resolution of 
9 km  

SMAP Data Products Include Soil Moisture Content and 
Freeze-Thaw Sate   

SMAP algorithm details can be 
found at  
http://smap-archive.jpl.nasa.gov/
science/dataproducts/ATBD/ 
 



SMAP Data 
Products http://smap.jpl.nasa.gov/data/ 
 

Over outer 70% of swath. 
** The SMAP Project will make a best effort to reduce the data latencies 
 beyond those shown in this table. 
* Product directly addresses the mission L1 science requirements. 
 

SMAP Data Merged 
with Land Surface 
Model 



SMAP Data Viewer Coming Soon 
http://smap.jpl.nasa.gov/map/ 



     SMAP Data Products Portals  
http://smap.jpl.nasa.gov/data/ 
 

➢  The SMAP data products will be available to the 
public through two NASA-designated Earth 
science data centers 

 
     The Alaska Satellite Facility  (Level 1 radar products) 
      https://www.asf.alaska.edu/ 
 
      The National Snow and Ice Data Center ( all other  
       products) http://nsidc.org/ 
 
➢ Format: Hierarchical Data Format version 5 

(HDF-5)  
 
 



    SMAP Data Products Availability  
http://smap.jpl.nasa.gov/data/ 
 

▪  The SMAP mission is currently conducting  a post-launch 
calibration and validation (Cal/Val) 

 
▪  The duration of the Cal/Val phase: 
 

    6 months for Level 1 products  
   12 months for Level 2, Level 3, and Level 4 products 



    SMAP Data Products Strengths  

▪  High-resolution and high-accuracy than earlier soil 
moisture data from AMSR-E/TMI 

 
▪  Better sensing over vegetated surface 
 
▪  Deeper soil moisture  (1-5 cm)  available 
 
▪  Freeze-Thaw state available 



SMAP Applications 



    SMAP Application Areas 
http://smap.jpl.nasa.gov/science/applications/ 
 

Applied Science Poster  available from the 
 SMAP Applications Web-site 

▪  Weather and Climate Forecasting 
 
▪  Droughts and Wildfires 
 
▪  Floods and Landslides 
 
▪  Agricultural Productivity 
 
▪  Human Health 
 
▪  National Security 
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SMAP Early Adopter Concept 

Courtesy: 
Vanessa  Escobar  
Science Systems and Applications Inc/GSFC 
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SMAP Early 
Adopters  
through mid 2013 

Courtesy: 
Vanessa  Escobar  
Science Systems and Applications Inc/GSFC 



    SMAP Early Adopters Examples 
http://smap.jpl.nasa.gov/science/early-adopters/ 
 
 

USDA  VegScape 
Application 

USDA has VegScape for accessing, 
visualizing, assessing and disseminating 
crop soil moisture condition derivative data 
products produced using SMAP data 

Global Insurance and Re-Insurance 
 
Willis Global Analytics is merging satellite data 
from NASA into existing risk identification and 
analysis systems for insurance and reinsurance, 
engaging end users to enhance decision making 
with SMAP products. 
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Vegetation Index Data and Access 



What is Vegetation Index ? Why is it Important? 

http://earthobservatory.nasa.gov/Features/MeasuringVegetation/
measuring_vegetation_2.php 
 
▪  Vegetation plays an important role in the hydrology cycle 

through the process of evapotranspiration    
 
▪  "Vegetation Index": quantifies the concentrations of green 

leaf vegetation around the globe from remote sensing 
observations 

 
▪  To determine the density of green on a patch of land, the 

distinct colors (wavelengths) of visible and near-infrared 
sunlight reflected by the plants are observed by the satellite 
sensors 

 



What is Vegetation Index 

http://earthobservatory.nasa.gov/Features/MeasuringVegetation/
measuring_vegetation_2.php 
 

 
▪  Normalized Difference Vegetation 

Index (NDVI) is defined  as : 
     NDVI = (NIR — VIS)/(NIR + VIS) 
 
 [NIR is near-infrared and VIS is Visible radiation 
observed by remote sensing] 
 
▪  NDVI is used as a drought indicator 

and to estimate land 
evapotranspiration  

 NDVI is calculated from the visible and near-infrared 
light reflected by vegetation. Healthy vegetation (left) 
absorbs most of the visible light that hits it, and reflects 
a large portion of the near-infrared light. Unhealthy or 
sparse vegetation (right) reflects more visible light and 
less near-infrared light. 

We will focus on  derived 
from Terra/Aqua MODIS  



 Review of MODIS 
 (Moderate Resolution Imaging Spectroradiometer)  

 http://modis.gsfc.nasa.gov 
 
 

Flying on Terra and Aqua 
 
Spatial Resolution 

 250m, 500m, 1km  
 
Temporal Resolution  

 Daily, 8-day, 16-day, monthly, quarterly, yearly 
 (2000-present) 

 

Spectral Coverage 
 36 bands (major bands include 
 Red, Blue, IR, NIR, MIR) 
 Bands 1-2: 250m  
 Bands 3-7: 500m  
 Bands 8-36: 1000m  

 



MODIS NDVI Data Products and Access 
http://modis-land.gsfc.nasa.gov/vi.htm 
l 

Data can be accessed through 
 Land Processes Distributed Active Archive (LP DAAC) 

https://lpdaac.usgs.gov/products/modis_products_table 



MODIS NDVI Data Products and Information 
 

https://lpdaac.usgs.gov/products/modis_products_table 

Product 
Search 



MODIS NDVI Data Characteristics 

Click to get the data will 
lead to multiple data 
download options 



MODIS NDVI Data Access 

Data Access Tools 
Data Pool: The Data Pool (On-line Archive) provides access to all MODIS products. 
https://lpdaac.usgs.gov/data_access/data_pool 
 
 
Reverb: This tool provides access to a complete data record of all MODIS products 
available from the LP DAAC. http://reverb.echo.nasa.gov 
 
GloVis: The Global Visualization interface provides access to tiled MODIS products 
that have an associated browse image. http://glovis.usgs.gov 
 
MRTWeb: The MODIS Reprojection Tool Web interface provides access to all MRT 
services offered by the stand-alone MRT. http://mrtweb.cr.usgs.gov 
 
 
 



Visualize MODIS NDVI Anomalies  
Using Global Agriculture Monitoring 

http://glam1.gsfc.nasa.gov/ 
 



Visualize MODIS NDVI Anomalies  
Using Global Agriculture Monitoring (GLAM) 

http://glam1.gsfc.nasa.gov/ 
 

Live Demo of GLAM 



34 

Evapotranspiration 



What is Evapotranspiration (ET)? 

ET is an important 
component of hydrology 
cycle  -- represents  loss of 
water to atmosphere from 
land and vegetation 



Evapotranspiration From Remote Sensing Data  



ET Obtained From Landsat Using Energy Balance  



ET Obtained Using Energy Balance Approach 
With Landsat, MODIS, and GOES* Observations 

   
The Atmosphere-Land Exchange Inverse (ALEXI) 

and Disaggregation ALEXI (DisALEXI) 
http://hyspiri.jpl.nasa.gov/downloads/2010_workshop/day1/day1_13_anderson_hyspiri_2010_anderson.pdf 
 

*GOES – NOAA geostationary Satellite 

Available  
over US 



ET Obtained From Vegetation Index 

Available  
over 
California 
Central 
Valley 



ET Obtained From MODIS Land Cover 

http://ntsg.umt.edu/project/mod16 
 

MODIS Global Evapotranspiration Project (MOD16) 

Seasonality of Global ET: 

1 km, 8-Day and Monthly 
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Next: 
 
Hands-on Activity:  
 
Learn to Import Remote Sensing Data into 
GIS 


